
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



Digitized by 



Google 



of the 

Tflniversiti? of Mieconain 




r 



Digitized by 



Google 



i 



H59H1 



Digitized by 



Google 



Digitized by 



Google 



A STUDY OT UfDIYIDDAL DIIVERSNCBS IN HfFROTBIMT 

BY 
EDVUiO) VAN LANDBGEBD 



A THESIS SUEUITTED VOR THE DBGREB Of 
MASTER OP ARTS 



UNIVERSITY Of WISCONSIN 
1917 



Digitized by 



Google 



Digitized by 



Google 



416Q1<J 

m - 4 1335 



TABLE OP COHTEKTS 

Pages 



Introduotlon 1 - 2 

History 

Types of AotlYlties Studied ••••2 - 6 

fleWdiT 6 - 7 

Different Phases of ImproTement 

Compared ♦ »6 -IS 

A Review of the Work Done 13-17 



A Sevlew of the wort Done 13-1 

frend of' Results in Above Review 17a- 



17b 



Problem 

Introduotory Statement to Problem 18-19 

Taljle ! >.>.> 77 2Q 

Explanatory Statement of Sraphe 21 

gOTarth Grade Graphs »« •••• 23-27 

Interptetatlon of Material 28-34 

Table II 35 

glfth Grade Graphs* 36-39 

Interpretation o7Tfaterlal > 40-45 

Table III 46 

Slacth I3rade Graphs . 47-50 

Interpretation oSTlteterlal 51-57 

General Spmmary • 58 

General Conolusions 59-60 

Bibliography 61-62 



Digitized by 



Google 



Digitized by 



Google 



A STUm 07 Iin)IVIDUAL DITFEBSNCBS IN lUPROVEMEITT 

!• Introdttotlon * 

The general su'bject of tmproy«nent of mental 
fnnotlons "by praotioe was first investigated gtiantitatiTely 
and experimentally in 1897-1899. Bryan and Harter were 
the pioneers in this field and their study of the improve- 
ment of a mental fnnetion "by a stxidy of learning to send and 
reoeive telegraphio messages oonstitntes the first oontri- 
hution of importance in this field. Since that time others 
haye heen aotiTe in making similar investigations of im- 
provement in other traits particularly in relatively simple 

functions • The results of all these oontrihutions have been 

(2) 
summarised hy Thorndike as showing the following general 



facts: 



!• Improvement is apparently universal* 

2. There is a very rapid rate of improve- 
ment under escperimental conditions* 

2* There are marked differences in the 
amount and rate of improvement in 
different functions* 

4* There are marked individual differences 
in the amount and rate of improvement* 



TO 
(2) THORin}IEB, E.L: Psychology of Learning, pp* 150-151* 
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Xbie last reaialt, vli., that QThere Are Harked 

Individual Cifferanoea in Iha imotint and Rate of Improye- 

ment, has heen made the snhjeet of this stndy* Special 

inyestigation was hee:un on this phase of the prohlem of 

(1) 
improvement hy Thomdike in 1908* Before reviewing these 

special studies a hrief stminary of the types of exercises 

employed in the exact study of learning will he given. 

History 
Types of Activities Studied , 

In the study of improvement of mental fonotions 
it is essential that the exercises he of the same uniform 
typcff if differences in amount of work produced, time taken, 
or, errors made are to he accurately measured* Since many 
of the more complex activities in human hehavior are indi- 
vidualised, products involving very eomplex situations and 
responses would he extr«nely difficult of measurement, if it 
were posslhle to measure them at all* Consequently, in a 
study of the improvement of a function with practice effort 
has heen concentrated almost exclusively on the simpler 
elementary processes* Investigators have approached the 
prohlem from various standpoints and a number of types of 
exercises have heen used* These exercises VEiry from ac- 
tivities which are elementary and of a reflex character, 
to relatively more complex ouerations involving a considerahle 
(l) THORfiDIKB, E* Ls Psychology of Learning, pp. 150-151* 
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-5- 
niimber of aeBOolatlone and abetraotlone* A "brief stonmary 
of the rarlotuB types of ezeroisee used in determining the 
degree and rate of improTement in mental fonotions follows. 
Partridge oonstmoted a devioe to determine the 
amotuit of learning in oontrol of the winking reflex* A glass 
plate was adjusted hefore the eye and a rubber hammer was 
made to strike the glass directly in front of the eye. The 
■ubjeot was to inhibit winking eoinoident with the strike 
of the hammer on the glass plate. Here we find measurement 

in improrability studied in the sphere of reflex aotion. 

(2) 
Wells tested adults in the rate of tapping in order to get 

at faotors in Improvement after periods of praotioe. The 

exercise consisted of tapping a telegraph key as rapidly as 

possible for a period of thirty seoonds and repeating ten 

times a day, alternating hands* In this exereise, also, the 

situation and the response were reduced to a simple type* 

Attention was focused on a single isolated activity* lo 

especial skill whatever is exhibited in this response and it 

is incessantly a measure of the amount of nervous energy cf 

the individual* 

(8) 
fiwift used the method of tossing two balls in 

the air with one hand* Since the balls were of unequal weight 

and diameter the arm motion involved a nionber of joints. 

(1) FAKTRIDGB, G. S: Szperiments Upon the Control of the 

Winking Reflex. Am* Journal of Psychology, Vol. XI*, 
1900, pp* S44-250. 

(2) WBLLS, P* L: Normal Performance in Tapping Test, 

A.J.P*, Volume 19, pp* 437-483* 

(3) SWIFT, E* J: Studies in the Psychology and Physiology 

of Leeurning* A*J*P*, Vol* 14, pp* 201-861* r^^^^T^ 
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-4- 

mtuioleB «nd tendons, and while this ezerolse le Baaaewhst more 

eomplez than tapping, still it mnst he plaoed in the category 

of relatively simple reaotions. 

Tl) (2) (3) 
Hhitley Klein Wells and others tested im* 

proyement hy means of marking ont a*8 on a printed page* This 

test inrolres perception, attention and choice of moyements of 

a smaeiOkat more complex sort. 

(4) 
Lnel^a and Hyde conducted a series of exoeriments 

on students who translated English prose into German, and who 

also translated into English script prose which had previously 

heen translated into German script. Since the accuracy of the 

work was constant only the speed was measured* The processes 

inTolred in this exercise were very much more complex than in 

any of the prerious ones* 

(6) (6) (7) 

Munn Starch and Dearhom employed a substi* 

tute test which required the suhjecte to rewrite a system of 

letters in ancOier key* The exercise inrolves relatlTcly 

simple uroceeses of associative substitution* 

(DWHIIILET, M.T: la finpirioal Study of Certain Tests for 

Individual Differences* Archives of Psychology, No. 19* 

(£)K(iBIB, L* W: Sons Experimental Evidence on the Doctrine 
of Formal Discipline* Bulletin of the State Normal 
School, Duluth, Minnesota, February, 1909* 

(8)WBLLS, 7* L: The Relation of Practice to Individual 
Differences* Asa* Jl* of Psychol* Vol* &3, pp* 76-86* 

(4)LEnBA, J.H* & HYDE, W: Stvdies from the Bryn Uawr College 
Psychological Laboratory* An Experiment in Learning 
to Make Hand Movements* Pay* Rev* Vol* 12, pp. S61-369. 

(5) MUNN, A*?: The Curve of Learning* In Studies of Develop* 

ment and Learning* ed. by E* A. Eirkpatriok* Archives 
of Psychology, No* 12* 

(6) STARCH, D» Periods of Work in Learning* Journal of 

Educational Psychology* Vol* 3, pp* 209-210. 

(7) D3=JLRB0RN, W. F: Eacperiments in Learning. Journal of /^ 

Educational Psychology, Vol* I, pp. 373-388* r^^^^T^ 
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(1) ' " (2) 
Swift and Schuyler and Book sttidled improyement 

in typewriting by eig^t and touoh methods reepeotively. ^e 

fixed sittiation and tmiform responses in this ezereise plaoe 

it on a relatiyely simple order* 

(2) 
Bbert and Metonann studied improvement in adults 

by means of learning non-sense syllables* Winoh followed a 

similcur course with consonants* 

(4) (5) (6) 

Thorndike Starch and Whitley investigated 

improvement in mental multiplication* 

!Fhe above partial resume is given to emphasize the 

types of exercises which have been pursued in approaching the 

problem of determining increments of improvement after periods 

of practice* They all fall into a common category of reaction 

characterized by simplicity, def initeness , uniformity* Owing 

to the highly organized character of the individual subjects, 

the veurying original tendencies, and environmental influences, 

the responses must be reduced to a simple type* In the higher 

processes it is more difficult to compare accurately "produets 

(1) 6W»f & lamTinJK: l£e Learning Process, Psychological 

Bulletin, Vol. ft, pp* 307-510. 

(2) B00£, W. 7*: The Psychology of Skill: With Special 

Reference to its Acquisition in Typewriting* University 

of Montana, Publioations in Psycholog^^ Bulletin No* 63, 

Fsychologieal Series No* 1* 
(Z) BBERT* S« A MBmiANB, B: Ueber Binige Qrondfragen der 

Pqrohologie der Uebungsphanomene im Bereiohe des 

Oedaehtniasss* Arohiv* flir gesamte Psyehologie, Vol* 4, 

pp. 1-232. 
(4) THORfiCIES, B*L: The Effect of Practice in the Case of ^^^ 

a Purely Intellectual Function* Am, Jl* Psy* Vol* 19, 

pp* 374-364. c± 

(6) STARCH, S: Transfer of Training in Arithmetic^ Operations. 

Jl. of Ed. Psychol. Vol. 2, pp. 306-310. 
(6) WHITLEY, M.T: An Mpirical Study of Certain Tests for 

Individual Differences* Archives of Psychology, No* 19* 



Digitized by 



Google 



Digitized by 



Google 



-6- 
sinoe they refleot personalitieB more markedly and have heoome 
more highly IndlTldxtallsed* Most of these ezperimenta have heen 
performed on adults, consequently , it is eren more necessary 
that the exercises be of an elementary character In order to 
arold the Influences of habituations. 

Methods ^ 

The problem of measuring improvement with practice 
is beset with diffioulties. Let us suppose that a group of 
individuals are subjected to practice for a period of time and 
let us suppose t as is always the case, that the individuals 
show differences at the outset and make varying gains throug^oat 
the practice period. How can the amount or rate of improvement 
be most accurately shown? How can the individual differences 
in capacity at the outset be fairly compared and indicated and 
how can the gains be made eonsensurable and comparable? 

There are two main methods in vogue in the measure- 
ment of improvement with varying derivatives of these. 

Percentile Method . In the percentile method the 
initial period (or any preceding period )may be taken as a base 
and the percentage of improvement can be determined. Thus the 
rate of gain of a single individual can be compared at stated 
intervals, and the rate^ of gain of different individuals also 
mfty be compared. 

This method has some objectlonal features and often 
leads to absurdities. In case the initial score is any gain 
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-7- 
(ae l) In the next score must be represented by infinity* 

Also the student with an exceptionally low score in the ini- 
tial period may be represented as making the greatest grains 
which often is contratry to a sane interpretation* 

One indiviiiual in the fourth grade has an initial 
score of 6 and a final score of 40 problems* By the percentile 
method he will have gained 700% » and mother individual in 
the same group has an initial and a final score of 13 and 51 
problems respectirelyt or a percentile gain of approximately 
Z90%. The latter t however^ has apparently made the greatest 
gain* 

The Gross Gain method takes cognisance only of 
concrete results* It regards all elementary products of a 
uniform character and no differentiation is made in the re- 
lative value of the results whether they be at the initial 
or at the final extreme of the scale* Since each increment 
of ability varies in accordance with its relative position 
the gross gain method does not state conditions as they ac* 
tually exist, and, consequently, a subjective interpretation 
of the comiDUtations is essential in order to get to the key 
of the true situation* This method has been used throughout 
the present work* 

The method here used is a slight modification of 
the Gross Gain Method* The initial deviation of the group 

or individuals from the class average is taken and compared 
with the deviation in the final period* 
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Pifferent Phasae of Improvement Compared • 

In every experiment, regardless of the nature 
of the test, eaoh subjeot ooouples his own peculiar, indi- 
vidual position* This is one oharaoteristio faot of all 
tests - that there is absolutely no uniformity in the stib-* 
jects, but that they are by heredity and training as diverse 
as there are members under examination. Bven in the manixu- 
lation of a machine, a tjrpewriter for example, in which none 
of the subjects has had any previous training they stand at 
various levels in initial efficiency since they have all had 
different types of experiences in coordinating certain groups 
of muscles which will be called into play in practice on the 
typewriter, cmd which will thereby cause various ranks of 
efficiency at the very outset and before the first per- 
formance • Coupled with these acquired variable capacities 
are the inherent capabilities, which also render uniformity 
in the initial efficiency an impossibility* 

The fact of varying initial efficiency, while not 
a disqualifying obstacle, is nevertheless, a serious barrier 
to securing an accurate measure of relative improvement* 
Bvery subject is performing within his own relatively f ixsd 
limits, and in case one individual has already attained con- 
siderable proficiency - due to well functioned neurones which 
will be called into action in the exercise in question - his 
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gross gains and also his peroentlle gain will appear re- 
latlYsly smalls and he will soon approach his approximate 
limit. 

Another individnal may hare a low initial ef- 
f ioienoy due to a laok of coordinating ability in the proper 
bonds t and consequently » his periodic improvements are lilcely 
to show striking results both in the percentile and in the 
gross gain method* Thus we find considerable disparity in 
the initial efficiency which exerts a marked influence on 
later results and renders comparable computations difficult • 
To enrironmental influences which caxuBe varying degrees of 
efficiency at the initial trial must be added inherited 
capacity. A subject with unusual native ability which gives 
him a high score in the early trials will likely make good 
improvements continuoxuBly regardless of a high initial 
efficiency* 

The disparity in improvements between these two 
subjects can logically be accounted for by unlike initial 
efficiency and while this condition must be constantly met 
it need not render deductions valueless • 

The subjects in a test should be grouped as nearly 
as possible- about a common median in present capacity^ and 
this present ability should be as far as possible from the 
psychological limit* In ease some of the subjects have 
approximately approached their limit they will simply 
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oontlnua their performancaBt and while their gains may he 
oommenBtirate with their present standings the manif estatioi s 
of progress so far as gross gains or percentile gains are 
ooncerned will be practically nil, and they (while theoreti- 
cally advancing) will appear to be stationary at their re- 
spective limits • while the other subjects are rapidly catcbing 
tip to their standing* Under such c ire tons tances few deductions 
can be made ftom comparative results* 

Furthermore, it should be borne in mind that every 
change in the score from the initial efficiency to the phy- 
siological limit designates a varying degree of improvement 
in each individual* In general an improvement at the initial 
end of the scale is represented by greater ntimerical values 
than an improvement near the limit* Example - A runner 
is able to cover 100 yards in 11 seconds when he goes into 
training* In a comparatively short time as a month he re- 
duced his time to 10 seconds* In the next month he further 
reduces his time to nine and four-fifths seconds* No com- 
parison can be made between the improvements of these two 
consecutive periods on the basis of numerical values* It 
would be absurd to argue that since in the first month the 
gross gain was five times the gross gain in the second month, 
and that he, therefore, made a greater gain dtiring the first 
period* It is highly probable that the gain of one-fifth of 
a second in the second month was a greater achievement than 
the numerical gain of five times that amount in the previois 
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month* It l8, therefore, evident that a ohange in the 
reoord diiring one period of practice cannot be interpreted 
to mean that an ahsolntely corresponding change hae reaalted 
in the degree of improrement* 

Again, the foxarth grade student enters upon the work 
of the grade with an initial efficiency of five examples per 
unit of time« Tests at hi-month^y periods show the following 
record for the year in problems worked correctly » 6, 10, 13, 
16, and 16 • A superficial deduction from the above score may 
run as follows - that the greatest improvement was made during 
the first period of practice • Since this is the period of 
greatest gross gain (5) and also the greatest percentile gain 
(100%) the evidence based solely on the numerical basis, and 
without any reference to the physiological limit would appear 
to be sound • However, during the initial period of practice 
attention is paid to the lowest order of habits* There is a 
concentration of mental effort to the automatic perfection of 
the cooperation of elementary bonds* During the later stages 
the work is carried on by complex processes, and attention is 
more and more diverted from elementary connections to the 
manipulation of groups* In other words a higher order of 
habits is being established and. since relationships are be- 
coming more intricate a greater amount of time is required in 
establishing habituations* The amount of physical and mental 
effort involved in making this shift from a single order of 
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responses dxurlng initial periods of praotlce to a more 
highly organised eye tern may he oonalderable* and still the 
actual, eonorete results may he Inoommensurate to the amount 
of energy expended. Thus, the effort has resulted not so 
muoh in production as in the building up of potentiality* 
Improyement follows different lines and becomes of a different 
type. While the rate of improyement dininishes actual improye- 
ment in mental power may continue at a relatlyely rapid rate, 
and the problem is to establish relations between these yaria*- 
bles. We can determine increments of ability only by outward 
manifestations and consequently all estimates of improyement 
must proceed along the line of concrete results. 

In the period between the third and fourth practice 
(in the problem under consideration) we find that the results 
were 15 in both scores. If we interpret this score solely 
by the gross results the rate of progress will be nil. But 
there doubtless has been forming a new organization of habits 
of a higher order which makes possible a further gain in the 
next period. 
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A Review of the Work Bone ^ 

The data thus far advanced have direct hearing on 
mental functions In general. The aim was primarily to discov- 
er whether mental fanotions are improvable, and if so, whether 
this applies to all individuals and to all functions. The 
results of the experiments enumerated above tend to point with 
scarcely an exception to an auiswer in the affirmative. Con- 
sequently, with this question of the improvability of mental 
functions disposed of we can proceed to the real issue, viz. - 
a study of individual differences in improvement. Do all in- 
dividuals improve with like acceleration? Do individuals who 
have a high initial efficiency improve at the same rate relat- 
ively as those of a low initial efficiency? Is there a physi- 
ological limit of attainment, and if so, is it general, and 
what are its determinants? Is the rate of improvement in the 
various functions of a single individual constant, and is this 
a general characteristic? 
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Experimental work in this field has "been done "by 
(1) (2) (3) (4) (5) (6) 
Thorndike, Starch, Wells, Kirhy, Donovan, and Hahn. Thorn- 
dike in an experiment in addition used nineteen university 
students as subjects- eight men and eleven women. He found 
that with equal periods of practice the students who had the 
highest initial standing made the largest gains with equal ac- 
curacy in the number of problems worked. Thorndike and Don- 

(5) 
oran performed a similar experiment on twenty-nine fourth 

grade students. Two-minute practice periods were given twice 

daily for three weeks. Records of this eacperiment show that 

the average number of examples worked correctly rose from Z^ 

to 42- examples per minute. 

(4) 
Kir by performed similar experiments in addition 

with 700 fourth grade students. He gave his subjects 75 min- 
utes of practice and compared the results of the first 15 min- 
utes with the last 15 minutes, iflbich gives the result of 60 
minutes of practice. This experiment was performed under 
school-room conditions. The results showed an average initial 

(l)THORNDIEE, E. L. : Practice in Addition. 

Am. Jl. of Psy. Vol. II, pp. 483-466. ^^ 
(2)STAECH, D.: Transfer of Training in Arithmetical Operations. 
Journal of Educational Psychology, Vol. II, pp. 306- 
310. 
(3)7raLLS, P. L.: The Relation of Practice to Individual Diff- 
erences. Am. Jl. of Psy. Vol. 23, pp. 75-88. 
(4)KIRBY, T, J,. The Results of Practice under School Conditions. 

Teachers College, Columbia University Contrib. 
to Education. 



^ S ) T)ONOVAIT : Improvement in a Practice Experiment under School 
, , Conditions. Am* Jl. of Psy. Vol. 24, pp. 426-8. 
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score of 31 attempts with 24 right, and a final score of 50 
attempts with 37 right- or a gain of over bofo with equal ac- 
curacy. He also tested 600 third grade students in addition* 
Sixty minutes of work was given the students and the score of 
the fiirst ten minutes was compared with that of the last ten 
minutes, which allowed for 50 minutes of practice. The re- 
sults of this eaqperiment showed 40 examples attempted with 37 
right in the initial period compared with 73 examples attempted 
and 70 correct in the final period, i. e. the amount of work 
done was almost doubled with equal accuracy. 

He also tested 503 pupils of the fourth and fifth 
grade in division. Scores covering 15 minutes were taken "be- 
fore and after a period of 45 minutes of practice. He found 
that a gain of from one to three prohlems was made "by 13 in- 
dividuals, that the modal gain was from 15 to 19 problems, and 
was made by 141 students and the maximum gain was from 45 to 

49 problems and was made by 3 pupils. 

(1) 
Wells used ten adult subjects in performing an ex- 
periment in oral addition. One-place numbers were used in 
vertical columns. The subjects were given 150 minutes dis- 
tributed over 5 or ^ weeks. The results show that the amount 

of work was doubled without any decrease in accuracy. 

(2) (3) (4) 
Thorndike, Starch, and Whitley pursued slightly 

(1) 7/SILS, F. L,: See Page 14. 

(2) THORHDIKE, E. L.: See Page 14. 
•(3) STAECH', D. ^: See Page 14. 

(4) IVHITLEY, M. T.: See Page 4c.. 
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different methods in working out individual differences of 

(1) 
improvement in mental multiplication. Thorndike tested 28 

subjects in the mental multiplication of a three-place numher 
"by a three-place numher. All digits helow three were elimin- 
ated. An example was exposed for a period sufficiently long 
for the subject to memorize the figures and was then with- 
drawn. The individual performed the multiplication without 
any paper or pencil, and without having the problem "before 
him. It was wholly a mental operation, and the subject was 
permitted to write the answer only when it was completed. The 
amount of improvement was based on the scores of the first 
five examples and the first five of the last six. The records 
showed that the amount of time required for the last five ex- 
anqples compared to that required for the first five varied 
from .14 to •70, the median ratio being .42. The amount of 
practice each individual received varied directly to the num- 
ber of examples completed, and those who finished the same 
number of problems received an equal amount of practice. The 
average college graduate with seven hours of practice on sim- 
ilar examples was found to make an average improvement such 
that he could do 2-1' times as many problems in the list .period 

compared with the first. 

(2) 
^flhitley experimented with similar problems in 

multiplication under a slightly modified procedure. In his 

TKORUDIKE, E. L. : See Page 14. 
(2) 
raiTISY, M. T.: See Page 4. 
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experiment the problems were exposed throughout the operation* 
The nine subjects worked three problems a day for a period of 
twenty days (Sundays excluded). The scores of the first three 
examples compared with the last three show that the average 
amount of work done in the last period is from two to two and 
one-half times as much as in the initial period and of equal 

accuracy, 

(1) 
Starch tested eight individuals in mental multi- 
plication with 700 examples assigning 50 a day. The problem 
consisted of the multiplication of a three-place by a one- 
place nutmber. The records of the number of problems per ten 
minutes on the first day compared with the number done on the 
fourteenth day show a gross gain of from 4*8 to 63 with an av- 
erage gross gain of 3£.l and a percentile gain ranging from 
19^ to 170^ with an average of 112^. The amount of work in 
the final period was thus more than doubled in comparison to 
that of the first period. 



(1) STARCH, D. : See Page 14. 
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Trend of Re suite in above Review . 

All the tjrpes of exercises and all the various 
functions enumerated ahove indicate conclusively improvement 
in a function which is exercised with a view toward improve^ 
ment. This fact has been challenged in a number of exercises 
such as the discrimination of weights, of pitches, and also 
in the discrimination of two points from a single point on the 
periphery, Cases can be accounted for in part at least by the 
fact that in practice in the discrimination of lifted weights 
the subject is kept in ignorance of his errors and consequent- 
ly has no* means of correcting his erroneous judgments. If 
intelligence is given him of the true relations after each 
judgment and if he can be spurred on by motives to increase 

his ability of discrimination improvement also in these func- 

(1) 
tions will inevitably result. 7/hitley bears this out in an 

experiment on weights. She found that by a single daily prac- 
tice over a period of 16 days the average error was reduced 
from 11.1 grams to 6*3 grams. 

It has been further argued that there is little 
or no improvement possible in "visual attention" or "visual 
apprehension". Experiments along this line, - exposing iso- 
lated letters or figures for a brief period and then requiring 
the subject to record as many of the characters as possible 
in order to secure his scope of attention - have been performed 

by Whipple. VHiile his results show no improvement they cannot 
(1) WHITLEY, M. T. : See Page 4. 
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be taken as oonolueive proo'f as they cover extremely brief 
periods of practice. His results are based on practice per- 
iods including a total exposure of but a few seconds, - a 
period too brief to expect a marked degree of improvement. 
If the total exposure were made to cover a period of several 
hours his data indicates an improvement of double the number 
of characters apprehended. 
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Introdttotory Statement to the Problem > 

T}ie material of this study oonslets of teats In the 
four fundamental operations in Arithmetic whioh were given 
monthly thronghont the year, and were furnished by the principal 
of the Alioe Sohool of Eibbing. Minnesota • They were part of 
a study of the improvement in school subjects throughout the 
year. Grades 4, 5, and 6 have been studied especially. 
The Courtis Tests » Series B, which give ei^t minutes for 
addition, four minutes for subtraction, silt minutes for multi- 
plication, and eight minutes for division were used. Three 
lists of problems rotated in the monthly tests in order to 
avoid any possible learning of answers, and thus each list 
was given after an interval of three months. 

For purpose of this study all the examples which 
were correct in the four fundamental operations were combined 
and used as the score of the individual for each month. No 
attention was paid to problems which v/ere incorrectly worked. 

The students of the several classes are divided into 
groups in accordance with their final ability. The fiAal score 
is used in preference to the initial score since: there is a 
wider range of problems which permits a greater latitude in 
forming the groups. I.e., in the fourth grade the number of 
problems ranged from to IS in the initial score, and from 
6 to 51 in the final score. It seems preferable to make this 
division between the latter figures ( 6 and 51) and the class 
is accordingly divided into four groups as follows: 
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grade IV. 

Group I 40 az]d over 

Group II SO to 40 

Group III 20 to 30 

Group IV below 20 



Grade V 

Chroup I 66 emd over 
Group II 40 to 66 
Group III below 40 

Grafte VI 

Group I 60 and over 
Group II 40 to 60 
Group III below 40 

The results appear in the Tables cmd ourves in the 

following pages. Eaoh grade is first presented separately 

and then some general oonclusions are drawn for all the 

grades. 
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Explanatory Statement of Sraphe 

Plates I, II, III, IV, and V, eacpress the faote 
graphioally: 

Plate I. The heavy oontintioTis blaok line repre- 
senta the average performanoes of the class. The narrower 
continuous llnes^ In colors^ represent the average performances 
of the respective groups. 

Plate II. The heavy continuous hlack line represents 
the average performance of the class as in Plate I. The narrower 
continuous hlack line represents the averaf e performance of 
Group !• 

The dotted lines ^ in colors^ represent the average 
performances of the individuals in Group I. 

Plate III. The heavy continuous hlack line repre- 
sents the average performances of the class as in Plate I. 
The narrower continuous black line represents the average 
performance of Group II. 

The dotted lines, in colors, represent the average 
performances of the individuals in Group II • 

Plate IV. The heavy continuous hlack line represents 
the average performance of the class as in Plate I. The narrower 
continuous hlack line represents the average performance of 
Group III. The dotted line, in colors, represent the average 
performances of the individuals in Group III. 

Plate V. The heavy continuous hlack line represents 
the average performances of the class. The narrower continuous 
hlack line represents the average performance of Group IV. 
The dotted line, in colors^ represent the average performances 
of the individuals in Group IV. Digitized by vnOOglC 
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This method has been pursued uniformly throughout 
all. the grades. 
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Interpretation of Material s 
A Comparison of Group and Class Performances > Grade IV* 

The initial performances of Group I as compared 
with the initial performances of the class show that the 
difference is S.6 prol)lems« The final performances of 
Group I and the entire class show a difference of 16 #4 
problems t i#e#t Group I deriated further from the class 
ETerage in May than in September by 12*6 problems. 

Also a similar comparison of Group II with the 
entire class arerage shows that Group II was .1 of & prob- 
lem below the class arerage in September cmd 5 #2 problems 
above the class average in Uay, or in other words. Group II 
during the year increased its distance from the average class 
performance by 6«3 problems # 

Comparing Group III and the class averages in re- 
spect to the initial and final standing we find that Group III 
was #4 of a problem below the class average in September and 
5.1 problems below the class average in May, or that Group III 
diverged farther from the class average by 4.7 problems* 

A like comparison of Group IV with the normal class 
performance shows that this Group in the September test was 
2 #8 problems below the class average t and its record in May 
was VI. 6 problems below the class average. In other words 
this group diverged more widely from the class average by 14.7 
problems in May than in September. 
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Croupe I and II gained greatly through the year 
while groups III and IV lost greatly relatively to the 
arerages of the olaea. 

It is a noteworthy fact that the divergenoe through- 
out the year inoreaaes* It is particularly marked in the 
last three months* The otixye of improvement for each group 
is similar in oharaoter# Greatest gain occurs at the close 
of the year - last four months* It further shows that the 
greatest deviations (12#6» 5*3, 4.7, 14.7) were made by the 
extreme Groups I and lY with scores of 12*6 and 14.7 re- 
spectively compared with Groups III and II with 5*3 and 4*7 
problems respectively, i*e*t the two groups representing 
more nearly the average performance of the olass progressed 
uniformly and show a variation of less dTifference from the 
class average than do the extreme Groups* Thus, the greatest 
variation lies with the highest and lowest Groups of pupils* 
The brightest pupils have advanced with positive acceleration 
the slowest Group pupils have progressed with a negative 
acceleration^ 
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A Comparison of Groups 

The difference in soores "between Group I and eaoh 
of the following Groups t lit III» IV in the initial test 
in September were, 3*9, A.Z^ 6*6 respeotivelyt Bnd. the 
difference between Group I and Groups lit Hit aad lY in 
the final standing are II«2t 21#5t Z3.9. This shows that 
Group I was further from Group II by 7*3 problems, from 
Group III by 17 ^3 problems, from Group IV by £7*3 problems • 
That is Group I increased its lead over Group II by 7«3 
problems, over Group III by 17*3 problems, over Group IV 
by £7^3 problems • 

Similarly, Group II suffered a loss of 7.3 
problems with Group I, but gained over Group III by 10 
problems, and over Group IV by £0 problems. 

Group III was out stripped by Group I by 17.3 
problems, by Group II by 10 problems, but gained over Group 
IV by 10 problems. 

Group IV was surpassed by Groups I, II, III with 
the following scores, £7.3, £0, and 10 problems respectiv*- 
ely. 

A comparison of the initial and final scores of 
the various Groups shows that there is a marked tendency 
for the respective Group average to diverge as illustrated 
in Plate I. 

The Group with the highest initial score has 
made the largest gross gain. The Group with the second 
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hlghest Initial soore has made the next largest gross gain^ 
and the third Group has made the next largest gross gain* 
The Group with the lowest initial soore has laade the 
smallest gross gain* 

The progress of eaoh Group has been along fairly 
definite and uniform lines of oleavage, and instruction 
has tended to widen the gaps between the respective Groups 
as the aoademio year advanced* Whether the teacher gave 
her maximum attention to the stronger Groups it is im« 
possible to say, ^tit results evidently point to the fact 
that the slowest Group profited but little from a year's 
exposure to arithmetical stimulation* 

The pupils of this grade are not properly class- 
ified and for the promotion of maximum efficiency and the 
elimination of waste both on the part of the teacher and 
also in regard to every individual member of the class a 
re-classification is absolutely necessary in order to give 
the teacher a fair opportunity to teach and in order to 
give to each pupil the recognition due him. 

A Comparison of Individuals 
Group I* 

The maximum initial difference between indi- 
vidual members of Group I is 12 problems, the maximum final 
difference is 19 problems. 

This shows that also within the Group the same 
tendency holds for individuals as for the Group, viz. the 
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individual members diverge more widely at the end than at 
the "beginning • However, in comparison with the Group 
deviations the amount of divergence is negligible, and it 
is surprising how closely the various members of the Group 
stay together in a fairly uniform and comparatively limited 
zone. In one test the maximum difference between indi- 
vidual pupils is but 3 problems and in two other scores it 
is but 5 problems. With but a single individual exception 
in one month this Group advances above the class average 
throughout the school year. 

Group II 

The September test registers the maximum initial 
difference between individual members in Group II as 7 
problems, and the maximum final difference as II problems. 
As in Group I the individual members of the select Group 
still tend to diverge in accomplishment the it is within 
relatively narrow limits. The individual members of this 
Group remain very close together through most of the year. 
For three months the scores of all members are within 4 
problems of less. ll^ith few exceptions the members of this 
Group advance above the average of the class. 

Group III 

The maximum initial difference between individual 
members of Group III is 9 problems, and the maximum final 
difference is 8 problems. In general the members of this 
Group do not hold together very closely and they are never 
nearer each other than 8 problems, and they are as far apart 
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as 18 problems in one score. The individuals of thie Group 
do not advance with uniformity, but progress is irregular 
and erratic* 

Sroup nr 

The maximum initial difference between individual 
members of Group 17 is 4 problems and the maximum final 
difference is 7 problems. As is characteristic of the 
other Groups with the possible exception of Group III, which 
converges by one problem, the members of Group IV become 
more widely separated as they continue on in the year's 
work. The members of this Group follow a relatively 
narrow zone, and the maximum variation between members 
ranges from 3 to 10 problems « This Group shows frequent 
fluctuations in positive and negative progress, and each 
member shows a lack of steadiness and balance. It is a 
singular fact that but one member rises in two consecutive 
tests, and here in each case by a single problem. This is 
the only oasis which distinguishes the Group. Another in- 
dividual holds the level at 5 problems for two consecutive 
months - all other scores without a single exception show 
alternations upwards and downwards through the year with 
clock-like precision. 

Gtoneral Summary for Grade lY 

I. The divergence between the Groups and the 
class averages tend to increase continually throughout the 
year, with a particularly marked tendency to an increase 
in divergence during the last three months of the year. 
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2. Greatest deylatloiiB were made by the extreme 
Groups* 

3* The lowest Group makes but very slight gain 
throughout the year and relatively loses greatly* 

4* The Group with the hljghest initial score has 
made the largest gross gain* All Groups uniformly follow 
this rule* 

5* £aoh Group follows a fairly xuxiform line of 
oleavagOt and the gaps between the Groups inorease con- 
tinuously* 

6* Apparently, brightest pupils profit most and 
slowest pupils profit least* 

7* The average number of negative accelerations 
of the four Groups is as follows: Group I, one and four- 
fifths; Group II, 2; Group III, two and one-seventh; and 
Group IV, three and one-third problems* 

8* Not a single individual passed through the 
year without at least one negative acceleration* 
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Srade Y. 

Interpretation of Material s 
A Comparison of Group and Clase Performanoea^ 

The Initial performance of Group I is 16«6 
pro1)lem8, that of the class Is 13 prohlems; the final per- 
formance of each is 60*7 and 45 .9 prohlems respectively » 
l*e« Group I Incr^^ased Its distance from the class average 
hy 11*2 problems* The Group was nearest the class average 
In the Initial performance » and from this point onward it 
diverges considerably throughout the school year. In the 
final month when the class average drops this Group shows 
further posslhllltles. 

The initial and final performances of Group II 
compared with those of the class average show an Initial 
difference of Z.& problems and a final difference of 1«6 
problems* In other words » Group II approached nearer the 
average of the class by 2 problems* This is expected since 
the class is divided into three groups and Group II repre- 
sents the Group average ability* This Group cctisses the 
class average four times and the maximum distance of this 
Group from the class average is 7*6 problems* 

The initial performance of Group III compared with 
the initial performance of the class shows a difference of 
four problems* The final performance of this Group and that 
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of the olaas ehows a dlfferenoe of 25*9 problamSt i.e. 
Group III diver gee from the olaee average hy 21*9 problems* 
The nearest approach of this Group to iHie olass average le 
2*1 prohlema^ and the greatest divergence between this Group 
and the olass average Is 25*9 problems whloh occurs In the 
final score. 

Both the extremes Groups I and III were at 
greater distances from the class average In May than In 
September^ ±.b.^ the year's work caused a greater divergence 
of these two groups « The middle Group (III) follows the 
class average closely and exceeds It In the final stage by 
but 1«6 problems* This Is to be expected since Group II Is 
representative of the average work of the class* As Is 
characteristic of the fourth grade the extreme Groups 
make the greatest deviations ftrom the class average* 

Group I advanced uniformly throughout the year^ 
and relatively to the class average made the greatest gains* 

Group III made very slight progress and lost 
greatly relatively to the class average* 

Ag&ln In this grade the divergence Increases con- 
tinuously throughout the year and Is especially marked In 
the last half of the year* 

The curve of Improvement is similar in character^ 

The greatest gain is at the close of the year^ - In the 

last five months* 
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II. Comparison of Groups > 

The initial score of Groups I^ is 16.6, that of Group 
III 9 problems, and the final scores of these three Groups are 
60,7, 47.5 and 20 problems respectively • This shows that the 
Groups I and II started the years work with egual results, 
and that Group I Wiic^J forged ahead after the first month es- 
tablished a lead of 13.2 problems in the final period. 

Groups I and II differ by but .4 of a problem in 
the third test and their maximum divergeno is 13.2 problems 
which exists in the final score. 

Groups I and III have initial performances of 16.6 
and 9 problems respectively, and their final scores are 60.7 
and 20 problems respectively, i. e. the initial difference is 
7.5 problems and the final difference is 40.7 problems or that 
Group I increased its lead by 33.1 problems. 

The initial performances of Groups TI and III 16.6 
and 9 problems respectively, their final performances were 
47.5 and 20 problems respectively, i.e. the initial differ- 
ence is 7.6 and the final difference is 27.5 problems of 
Group II increased its lead over Group by 19.9 problems. 

By comparing the initial and final scores of these 
three Groups we find that there is a marked tendency for tlose 
three Group averages to diverge during the year's work, and 
this divergence is greatly accelerated toward the close of the 
session. The largest gross gain was made by Group I with 44.1 
problems and the next largest gross gain is accredited to 
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Groiip !!• Both these Groupe have the same initial score, 
though Group I assumes the lead in the second test and main- 
tains it throughout the year. 

Group III with the smallest initial score regist- 
ered the least ^ross gain in the year's study. 

As is characteristic of the fourth grade all Groups 
pursue individual Group paths along divergent courses and thus 
the memhers of the several Groups show greater differences in 
efficiency at the close of the school year. 

As in grade four a re-classification of this grade 
at the mid-year period or quarterly is advisahle and would 
remove the necessity for the teacher to divert her attention 
over a v/ide range of individual capacities. 

III. A Comparison of Individuals. Group I > 
The initial maximum difference "between memhers 
of Group I is 20 prohlems, the maximum final difference is 
8 prohlems. While the initial and final scores of this Group 
shov/ a convergence of the various members, a scrutiny of the 
figures shows a combination of peculiar ciroumstames which 
has caused this apparent convergence. Two members were ex- 
ceptionally low in the initial score. In the final score all 
who had been gaining consistently either lost or failed to 
gain, and the low individual made a tremendous gain of 13 
problems, consequently, the convergence. Evidently this May 
score does not represent the several abilities of the Group 
>/ as well as does the April record. Since one member is not 
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Represent*! in the May soore. It seeme justifiable to oon 
elder the April soore as a true final measure of a group* 
In April the maximum difference between the Individual members 

Is twenty-six whloh shows a divergence of six problems 
during the eight consecutive months. As in all other groups f 
here^ also we find a tendency of the individual members to 
diverge during the year's work» though the amount of divergence 
as in other groups is reduced # 

Group II ♦ 

In Grroup II the maximum initial difference between 
individual members is 8 problems » and the final maximumv dif- 
ference if 17 problems # Thus^ the maximum difference between 
the individual members of the group doubled during the year* 
Since this is the middle group and representative of the 
average work of the class » the indiwidual members remain 
near the class average throughout the year* 

Group HI* 

The members of Group III enter upon the year's 
work with a maximum difference of five problems and close the 
year with a maximum difference of eighteen problems* Two 
members of this group who were separated by a single problem 
in September are eighteen problems apart in Ifay* Two members 
who were separated by five problems in September make the same 
score in May* The characteristic divergence of the individuals 
in other groups is strongly in evidence in this Group also# 
The members are nearer together in their work in the initial 
performance than at any other time* 
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General Sxmimary for Grade V# 

!• All groups Bhow the same tendency fas In Grade IV) 
to diverge from the class average* 

Z. The greatest deviation from the class average 
were made hy the extreme groups. 

S. The divergence hwtween the groups and the class 
averages tend to increase throughout the year's work» and 
this tendency to diverge is especially marked in the last 
four months* 

4» Groups I and II with the highest initial scores 
have made the greatest gross gain* Group III with the lowest 
initial score has made the smallest gross gain* 

5* Bach group pursued a rather definite direction 
and the gaps between the groups have constantly widened* 

6* Slowest pupils apparently profit leaist* 

7* The average numher of negative accelerations 
of the three groups is as follows: Group I, 1.2; Group II, 1*4; 
Group III, 1*3* 

8* Ko member of the class passed through the year 
without at least one negative acceleration* 

9* The lowest groups makes a very slight gain during 
the year's work and relatively loses considerably* 
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OBADB 11. 
InterT)retatlon of Material. 

I. ▲ Comparison of Group and Class Performanoea* 

A oompariaon of the initial performanoes of 
Group I with that of the entire olasa shows a differenoe 
of 6*£ problems* ▲ similar oomparison of the final 
seores shows a differenoe of 21 •£ problems* Thus Group I 
was at a greater distanoe from the olass ayerage in May 
than in September by 16 problems. 

Group II begins the year's work 5.5 problems 
above the class average, and ends the sohool year at 2*6 
problems above the class average* This group during the 
year approached nearer the class average by 3 problems* 
Since the olass is divided into three sections. Group II 
should olosely represent the olass performance, and the 
monthly scores show that the maximum differenoe between 
the olass performanoe and the performanoe of Group II to 
be 8*1 problems while it is less than 3 problems during 2 
oonseoutive months* 

A comparison of Group III with the olass 
average shows that the initial differenoe in the September 
soores is 8*1 problems, and a similar comparison in their 
final scores in May is 9*4 problems, i*e* Group diverged 
from the olass average by 1*3 problems* 

SmOCABT 
The two extremes. Groups I and III, diverge 
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more from the class arsrsge in May than in September* 
This dlrergenoe increases considerably thruont the year, 
and is particularly marked in the last 4 months* The 
middle, Oronp IZ, represent at ire of arerage olass aocomf 
plishment, adheres closely to the class performance and 
tends rather to approach the class arerage as the school 
year adrances* The corres of improvement present similar 
characteristics to grades lY and 7* G^reatest gain is at 
the close of the year* 

II. A Comparison of Groups* 
Group I* 
The difference in the initial scores of Group 
I and II is .7 problems, and the difference in their final 
scores is 18*7 problems, i*e«. Group I increased its lead 
orer Group II by 18 problems during the year. ▲ similar 
comparison of Group I and III shows an initial difference 
in seeres of 14*5 problems and a final difference in 
scores of 20.6 problems, or that Group I increased its 
lead over Group III by 16.5 problems* Thus Group I 
diverged from each of the other two Groups by 11*8 and 
16.9 problems respectively* 

Group II. 
Group II diverged negatively from Group I by 
11.6 problems, and converged in respect to Group III by 
1*7 problems* 
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Group III. 
Group III during the year's work diverged from 
Group I by 16. S problems and approaohed nearer to Group II 
by 1.7 problems. She extreme Groups have tended to dl* 
rergt oonsiderably with a year's praotloe* 

1 comparison of the intial and final scores of 
the various Groups shows that Groups I and II, and also 
Groups I and III diverge oonsiderably during a year's 
praotioe period. Groups II and III show divergence at the 
close of the eighth month « however in the final month 
Group II makes a final negative aocelZeration and, 
consequently, these two Groups show a slight convergenee 
of 1.7 problems at the olose of the session. The Group 
with the highest initial score made the largest gross 
gain. The Group with second highest initial score was 
surpassed by the Group below it by 1.7 problems. This is 
due to the fact that the Group with the second highest 
initial score experienced a marked negative aocelZeration 
in the final score. Since this Group has made consistent 
gains previous to this final negative acceleration the 
April score is a truer index of its capacity. By taking tXe 
eighth month as the final record which seems a reasonable 
procedure. Group II with the second highest initial score 
registers the second greatest gross gain, and Group III 
with the lowest initial score makes the least gross gain. 
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The progress of each Group has heen along 
fairly definite « divergent lines » and the efficiency of 
the seyeral Groups has tended to widen by a year of 
study* 

The wide range of aooomplishment between 
Groups I and III would Justify a re-classification also 
of this grade though its need is not as urgent as in 
grade 17 and Y. 

A Comparison of Indiriduals. 

Group 1. 
The maximum individual difference in the 
initial period between members of Group I is 9 problems, 
and the maximum final difference is 18 problems. This 
indicates that the individual members of the select 
Group tend to diverge by a year of training. The same 
tendency t then, maintains among individual members in 
the select Group as among the Groups themselves. However, 
this divergence in the select Groups is considerably 
reduced and the individual members remain toftether within 
definite boundaries. All members of the Group begin the 
year above the class performance and remain constantly 
above it throughout the year ( with a single individual 
exception) and establish final scores far in excess of 
the class average. 
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Oronp IZ 
Ih« mazimniB initial difference between membera 
of Group II is 18 problems, and the mazimtim final 
difference ia 10 problems, i.e. the members of Group II 
show a oonTergenoe of 8 problems. One member of this 
Group has a September score of S4 problems, an October 
soore of 40 problems, a Hoyember score of 49 problems, 
and in the next three months 2S, 36, and 24 problems res- 
pectively, i.e. after 6 months this indiridual has the 
same score as recorded in the initial test. Consequently, 
his unusually high initial score of 54 problems (which is 
the highest in the entire class including Group I) does 
not appear to represent his true initial rating. If this 
initial score is advanced to ]}eeember when this individual 
gets his bearings, this Group will also show the char- 
acteristic tendencies of slight divergence by 3 problems. 
In general the members of this Group remain within a swm 
of relatively narrow limits. 

Group III. 
The maximum individual difference between 
members of Group III is 6 problems, the maximum final 
difference is 16 problems. Since two members are not 
represented in the initial test, the second month serves 
as a truer index of the several efficiencies of this 
Group. However, in either case the individual members 
diverge in ability by a year of training. 
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General Summary for Grade 71 • 

1. The extreme Groups tend to dlyerge much more widely 
from the average of the olaaa performanoe at the oloae 
of the praetloe period than at the beginning • 

2. The ourrea widen out in a fan shape and this deviation 
from the average is most marked in the extreme Groups. 

S. The Group with the highest initial soore has made the 
largest gross gain. Group II with the second highest 
initial soore makes the smallest gross gain, and 
Group III with the lowest initial soore makes the 
seoond highest gross gain. There are three absenoes in 
the initial soore in Groups II and III and hy shifting 
the initial soore to Ootoher when all members are 
present. Group II then oomes second and Group III last 
in the gross gain. 

4. Saoh Group pursues a fairly definite course and the 
distances between the Groups increase during the year. 

5. Brightest pupils apparently profit most, while the 
average pupils seem to profit least. 

6. The average number of negative accelerations of the 
threid Groups is as follows: Group I, £i; Group II, £l; 
Group III, £; 

7. A single pupil passed through the year without a 
negative acceleration but was absent on one test. 

8. The divergence between the Group and the class average 
tends to increase constantly throughout the year, and 
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thiB divergence is more erldent in the final three 
months of the year. 
9. The highest Qroup makes the greatest gain, and the 
lowest Oroup the smallest gain relatirely to the olass 
arerage. 
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General Stnnmary ^ 

!• The several groups in the respective olasses show 
tendencies to diverge hy a year of practice. 

Z. The divergence of the group is especially marked 
in the last third of the year's work. 

3. The individual members within a group also show 
marked tendencies to diverge with practice f though this 
divergence is relatively slight* 

4. £^roups with the highest initial score have made the 
greatest gross gain.- i«e*» the hrightest students apparently 
profit most and backward students profit least. 

5. If we assume that the practice periods were uniform 
and the amount of outside work was constant for all the 
individuals » the above results seem to indicate that this 
inciease in the differences of individuals is due to native 
endowment. 
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GEHERAL COHrCLUS lOSS • 

This study oonf irms for more complex abilities 
what has heen found by Thomdilce and others that individual 
differences tend to increase rather than to decrease by equal 
practice* The curves of improvement show increasing divergence 
throughout the entire school year* The rate of improvement 
is particularly marked in all of the grades during the last 
three months with a slow steady rise and gradual divergence 
during the first six months* When the classes are subdivided 

into groups on the basis of initial performance the group 
with the highest initial average gains most absolutely and in 
most cases relatively* The lowest group in each grade makes 
very little absolute gain and a very considerable relative loss* 
The same general principle holds for the individuals within each 
of the groups* So far as the improvement of the class as a 
whole then throughout the year is concerned it is due essential- 
ly to the very great improvement of the better pupils* This 
has a very considerable bearing on the application of standard 
scores where standard tests are employed for the measurement of 
individuals* Prom a theoretical point of view the results are 
a pretty clear indication that improvement is very largely a 
matter of native endowment rather than amount of training* 
Since individual differences tend to increase so markedly 
rather than to be reduced by equal training the differences 
initially could not have been due to var;^ing amounts of 
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prevlotis training. An Inepeotion of the plates shows very 
olearly throughout that indlyldixals tend to maintain the same 
relative stations throttghont the year* There is little eri- 
denoe of any marked shifting or fluctuation in stations 
suoh as one might possibly ezpeot. The oorrelations have not 
been worked out numerically though this oould have been dona* 
It will be a matter of considerable Interest and Importance 
to determine how far improvements in other school subjects 
follow the same general laws as appear to hold here for the 
four fundamental operations in Arithmetic* There is little 
evidence bearing on this point but a general inspection of 
similar records throughout the year in rate of reading and 
comprehension tin Spelling and Handwriting. 



Digitized by 



Google 



Digitized by 



Google 



1« IHOfiin)IKB, B.L, : 



-61- 



Bduoatlozial Payohology, 1913. 



2. thitle;, M.T. : 



An Bnpirioal Study of Certfldn 
Testa for Individual Differ- 
ences. Sew York, The Soienoe 
Press, 1911. 



3. VELLS, r.L* : 



The Relation of Praotioe to 
Individual Differeaoes* 
A.J.P. Vol. 23, pp 75-88. 



4.KIRBY, T.J. : 



Praotioe in The Case of Sohool 
Children. Teachers College, 
Columbia, Unir. Contributions 
to Education. 17o. 58. 



6. DONOVAN, M.E. and 
THORKDUCE, B.L. ; 



6. BOHET, H.H. and 
THOBNDI£E, E.L. : 



Improvement in a Practice 
Experiment Under School Con- 
ditions. A.J.P. Vol. 94, 
pp. 426-8. 

Some Results of Practice in 
Addition under School Con- 
ditions. Journal of Edu- 
cational Psy. Tol.5 Ho. 2. 



Digitized by 



Google 



Digitized by 



Google 



-62- 



7. THOBNDIZB, S.L. : 



The Failure of Bqnallzlng 
Opportunity to Heduoe Indi- 
Tidual Differences* Science , 
New Series, Vol .40, No .1038. 



&• THOBHDI£B, B.L. : 



The Relation Between Initial 
Ability and In^roTement in a 
Substitution Test. Sohool and 
Society, Vol. I, Ko. IS* 



Digitized by 



Google 



Digitized by 



Google 



/K 



Jun« ' ~ 1917, 



APIROYBP: 



Profesaor of Eduoatlon 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



aioasia?sis 




B8908B98729BA 



Digitized by 



Google 



ligitized by 



Googl^ 



Digitized by 



Google 



